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2 Doped manganites have attracted considerable attention as they show a variety of electronic and magnetic ground states ranging from states with colossal magnetic resistance to charge and orbital ordered ground states. 1 The rich variety of different ground states exemplifies the strong interactions between the magnetic and electronic degrees of freedom, which are coupled to the crystal lattice. At half doping, 3-dimensional R 1-x Ca x MnO 3 (R=Y or rare earth) perovskites are often antiferromagnetic insulators with charge and orbitally ordered ground states. 2 The R 0.5 Ba 0.5 MnO 3 (RBaMn 2 O 6 ) systems have significant different ground states depending on the randomness of the A-site R/Ba substitution. 3 For a layered ordering of the R and Ba ions, a long range charge ordered (CO) and orbitally ordered (OO) ground state is observed, whereas for the disordered materials, no CO/OO ordering occurs and a magnetic glassy state is observed. The importance of disorder is also displayed by the observation of finite correlations in the orbital ordered state of the Ca doped solid solutions. 4 The A-site ordered manganite RBaMn 2 O 6 is an ideal candidate to study the long range orbital and charge order in detail. The crystal structure of the cation-ordered material is of a p x a p x 2a p type, with a p the cubic perovskite unit cell. The temperature for charge and orbital order depend strongly on the size mismatch of the R/Ba ordering. For instance for R=Y, the metal insulator transition at T CO = 500 K is much higher than found for other manganites. The tetragonal crystal structure symmetry is lowered at T CO to C2/m. 5 For R=Sm, the material considered in this work, T CO ≈ 360 K and an antiferromagnetic transition occurs at T N ≈ 250 K, followed by a reorientation of the orbital order at T CO2 ≈ 200K as proposed from electron diffraction. 6, 7 High-resolution neutron powder diffraction 5, 8 found that this transition is accompanied by a structural transition lowering the symmetry to P-1. These studies also propose a ferro-orbital ordering for R=Y in the temperature region T CO < T < T CO2 .
A direct study of the orbital and charge ordered ground state is achieved with resonant We now discuss the structure factor of the (¼ ¼ 0) reflection for the various proposed stacking sequences along the c axis. The structure factor is described by a term with
2 for ABAB and AABB type stacking and by a term 2T k 2 for AAAA type stacking, where T k 2 represents the second rank tensor for the x 2 -z 2 /y 2 -z 2 type quadrupoles. As a result the intensity for the AAAA stacking is twice that of the ABAB/AABB type stacking, which is in excellent agreement with the observed increase in intensity at T CO2 . Therefore, our data support the AABB type stacking for T > T CO2 as determined by electron diffraction by the observation of half integer l index reflections 6, 7 , but indicate AAAA type stacking for T < For single-layer La 0.5 Sr 1.5 MnO 4 , the temperature dependences of the various features in the resonant spectra are very distinct, 12, 16 in particular at the L 2 edge. The temperature dependence of feature F reflects the Jahn-Teller distortion while features D and E show a more regular order parameter due to the electronic order. 16 In strong contrast to these results, the energy dependence is constant for the layered SmBaMn 2 O 6 in the whole temperature range and not affected by the reorientation transition nor the occurrence of antiferromagnetic order at T=250K. Therefore it is concluded that the Jahn-Teller distortion and the intrinsic electronic ordering are strongly coupled and show identical temperature dependence. The integrated intensity of the (¼ ¼ 0) reflection shows a further increase below T CO2 , in contrast to its constant value between T CO2 and T CO . This increase of the charge and orbital ordering expectation values for decreasing temperatures in the AAAA (T<T CO2 ) stacking phase indicates a further electron localization process for T<T CO2 , which is substantiated by the change in slope of the resistivity at this temperature. We infer that the ferromagnetic correlations due to double exchange interaction compete with the charge and orbital ordering above T CO2 and inhibit a further growth of the order parameter. The change of stacking sequence at T CO2 reduces the double exchange interaction as confirmed by the reduced magnetization, and leads to an increase of charge localization for T<T CO2 .
In conclusion, we present the first resonant soft X-ray powder diffraction experiment of an orbital order reflection to study the orbital ordering in A-site ordered layered manganite. 
